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13 The authors acknowledge the assistance of R. H. Ucunten in the

experiment.
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ELECTRONIC ANGULAR MOMENTUM TRANSFER IN THE
I(ZP”Z) + NF(ala) SYSTEM

Evidence has been obcerved for a nearly gaskinetic rate coefficient
for the E-E transfer:

I(ZPHZ) + NF(a‘A)-.z(Z}'m) +NFIZhH + 110 em™! (1)

by using the large-diameter, medium-pressure flow tube facility.1 Such a

* ¥k
large rate coefficient had been anticipated by previous studies ’ 2 that
describe the role of electronic spin conservation in the reactive F + HZ/
*k 2

H + NF2 systems in producing NF electronically excited species.

The experiment involves determination of the axial variations of NF(a1

a)

and NF(b12+) number densities in a sequence of carefully selected reagent
flow conditions. This is followed by observation of the (alA -XBE') and
(blz,"+ - X3E') spontaneous emissions in the axially translating reaction zone.
The enhancement of NF(b12+) by the presence of I(ZP”Z) can then be
observed, and an estimate can be made of the rate coefficient by using a

chemical kinetic model that fits the experimental number densities.

From the passage of Ar + NF; through an rf discharge, F and 1% NF,
are produced, which can be reacted with D2 and HI injected rapidly into the
principal flow from an axially movable tee injector located on the tube center-
line. The reaction F + D2 yields D atoms in excess, which, in turn, react

with NF2 to predominantely produce?' NF(alA). The excess D also rapidly

e
J. M. Herbelin, "The Role of Electron Spin in the NF System," to be
published. '

Ak
M. A. Kwok, J. M. Herbelin, and N. Cohen ""Collisional Quenching and
Radiative Decay Studies of NF(atA) and NF(b12+)," to be published.

‘Munson A. Kwok and Roger L. Wilkins, J. Chem. Phys. 63, 2453 (1975).
2J. M. Herbelin and N. Cohen, Chem.Phys. Lett. 20, 605 (1973).

Preceding page blank
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reacts with HI to produce mainly ;( P3/2) atom.s 3’4 In order to generate
sufficient 1( Pl/Z)’ it is necessary to pass O through a 2.45 Gle microwave
cavity some distance upstream of the rea\tlon zone to yield O,(a 8). The 0]
atomns are suppressed by the heated mercuric oxide coating in the quartz
sidearm. The transfer Oz(alA) + I(2P3/2) is known to be extremely rapids
for the efficient production of I( Pl/Z)'

Flow conditions are chosen such that O (alA) is excess to I for ease of
a.nalysm, but not in sufficient excess to obhterate ev1dence of the I( PI/Z) +
NF(a A) transfer by the alternative process Oz(a A) + NF(allA) Typical
reagent flowrates for Case 4 in Fig. 1 would be in pmol-sec ": F, 15; NFZ’
0.15; OZ’ 50; DZ' 150; HI, 0.08. Experience()’7 indicates that the amount of
Oz(aiA) generated in the usual 2.45 GHz 70 W microwave is 5% cf O,. The
tube operates at 1 Torr, 298 K and 6800 cm sec-l. Case 1| is a previousgiy
used baseline. 2 Cases 2 and 3 verify the necessity of the simultaneous
presence, in Case 4, of O (a A) and I fOr significant pumping of NF (b E M.
The axial number density plot of NF(b z ) versus Z shown in Fig. 1 for
Case 4 shows this strong pumping. We mterpret Case 4 to mean that I( Pl/Z)
is rapidly produced with the presence of Oz(a 4A) and then rapid transfer
occurs, as described by Eq. (1). Axial number density plots of NF(a 4a) for
Cases | through 4 are virtually identical. NF(alA) behaves as a reservoir
because, in all cases, the NF(b12+) is at most only 1% of observed NF(aiA)

concentrations.

A quantitative estimate of the transfer rate coefficient for Eq. (1) can

be made. The growth of NF(b12+) for Case 4 in Fig. 1 is found to be qua-

dratic in Z (or time). This implies that either NF(alA) or I(ZP“Z) is in a

W. E. Jones, S.D. MacKnight, and Lo 1Teng, Chem. Rev. 73, 407 (1973).
P. Cadman and J. C. Polanyi, J. Phys. Chem. 72, 3715 (1968).

R. G. Derwent and B. A. Thrush, Chem. Soc. Faraday Disc. 53, 162 (1972).
R. G. Derwent and B. A. Thrush, Trans. Faraday Soc. 67, 2036 (1971).

L. W. Bader and E. A. Ogryzlo, Disc. Faraday Suoc. 37, 46 (1964).
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Axial Variations of the Number Densitv of NF(bIT*),
Averaged Along the Tube Diameter. Case 1: F, NF
Dz, Op. Case 2: F, NFp, Dp, Op, Oz(ala).

Case 3: F, NFp, Dp, Op, HI. Case 4: F, NF5,
Dz, Oz, Oz(ala), HI. The solid lines represent
model fits.
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linear region of growth. A simple five-kinetic equation analysis for the one

unknown rate shows that the lower bound for kl' in Eq. (1), is 2.6 X 1014

cm3mol-1sec-1. The estimate is a bound because the absolute Oz(alA)
density has not been measured but has been assumed to be < 5% of OZ' and
k1 is inversely proportional to OZ(aIA). A more detailed description of this

study will be given elsewhere.
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LABORATORY OPERATICONS

The Laboratory Operations of The Aerospace Corporation is conducting
experimental and theoretica! investisations necessary for the evaluation and
application of scientific advanc e to new military concepte and systems. Ver-
satility and flexibility have been developed to a Ligh degree by the laboratory
pereonnel in dealing with the many problems encountered in the nation's rapidiy
developing space and missile systems. Expertise in the latest scientific davel-
opments is vital to the accomplishment of tas’:s related to these problems. The
laboratories that contribite to this research are:

Aerophysice Laboraic:y: Launch and reentry aerodynamics, heat trans-
fer, reentry gﬁyﬂco. chenvical kinetice, structural mechanics, flight dynamics,

atmospheric vollution, and hign-pcwer gas iasers,

Chemistry and Physice Laboratory: Atmospheric reactions and atmos-
pheric optics, ckoﬁca reactione In pol‘u(ed atmospheres, chemical reactions
of excited species In rocke: plumes, chemical thermodynamics, plasma and
laser-induced reactions, laser chemistry, propulsion chemistry, space vacuum
sud radlation effects on materiale, iubrication and surface phenomena, photo-

8 nsitive materials and sensors, high precision leser ranging, and the appli-
cation of physice and chemistry to problems of law enforcement and biomedicine.

Electronice Revearch Laboratory: Electromagnetic theory, devices, and
propagation phenomena, including plasma electromagnetice; quanturn electronics,
lasers, and electro-optice: communication sciences, appiied electronice, semi-
conducting. superconducting, aid crystal device physice, optical and acoustical
imaging: atmonpheric pollution, miilimeter wave and far-infrared technology.

Materiale Sciences Laboratory: Development of new materials; meta}
matrix composites and new forme of carbon; test and evaluation of graphite
and ceramics in reentrv; spacecraft materials and electronic componente in
nuclear weapons environment; appiication of fracture mechanice to stress cor-
rosion and fatigue-induced fractures in etructural metals.

Space Sciences Lnbouuq: Atmoepheric and jonospheric physics, radia-
tion from the atmosphere, density and composition of the atmosphere, aurorae
and airglow; magnetospheric physice, cosmic raye, generation and propagation
of plasma waves in the magnetasphere; solar physice, studies of solar magnetic
fielde: space astronomy, x-ray astronomy; the effects of nuciear explosions,
magnetic storms, and solar activity on the earth's atmosphere, ionosphere, and
magnetosphere; the effecte of optical, electromagnetic, and particulate radia-
tions 1n space on space systems.
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